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ABSTRACT

The NATO Reference Mobility Model (NRMM) produces a prediction
of the maximum average speed at which a vehicle can traverse an area
(terrain unit). The program described here uses selected values
calculated in the NRMM to determine the factor which is the limiter
of speed for a vehicle and terrain unit. In the case of a NO-GO
prediction, the reason for the NO-GO is deduced. Detailed and <ummary
diagnostic tables are produced together with a graphical presentation

of the diagnostics.
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INTRODUCTION AND BACKGROUND

The NATO Reference Mobility Model (NRMM) [1] is a computer
program which provides a comprehensive assessment of cross-country
performance of a vehicle. The basic output of the NRMM is the speed
at which a vehicle can travel in a terrain region (patch) judged
uniform with respect to mobility. (This speed is often referred
to as "Speed-Made-Good" since the path need not be a straight line
due to marauvers around trees and obstacles.) This speed-made~good
for a patch is calculated as an interaction of a variety of descriptors
of the terrain, vehicle and scenario and includes assessment of the
effects of such things as the vehicle powertrain and geometry, the
strength of the soil in the patch, vegetation, driver dictated limits,
ezc, in addition to the single output number of speed-made-gocd,
results of literally hundreds of intermediate computations may be

obtained from the NRMM.

The objective of this study was to identify those intermediate
computations in the NRMM which could be used to give to the user
better insight into the vehicle/terrain interaction without the need
for total immersion in a sea of numbers. The identification of an
intermediate result as useful for insight has been governed by prior
use of the NRMM and the needs expressed by the users during and after

these prior studies.

In particular, the way in which the model has been used (for

vehicle studies) in the last few years is the following:

1. Several regions in the world have been identified as
being of interest to the military user community for

mobility study purposes.

2. Available texrain data has been analyzed to yield a

description of these regions as a mosaic of patches
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(areas judged uniform with respect to mobility) overlaid
with roads, trails, rivers and other features which

appear as curves and lines on a map.

3. The values of the terrain descriptors (soil strength,
topographic slope, roughness, etc.) have been established

and amassed into computer data files.

4. The NRMM was run to obtain a speed-made-good for each

terrain unit (patch, road, or trail) in these files.

5. This set of speeds was processed to obtain a few performance
measures =-- usually percentage of terrain denied (zero
speed or NO-GO) and the average speed (weighted by area)
on the least severe 90% of the terrain (without regard
to the spatial distribution of the most severe terrain).

A speed profile is often presented as well.

While these data are useful in comparing vehicles, in certain
studies (WHEELS [2], HIMO [3]) which used predecessors of the NRMM,
information on the causes of NO-GO's and/or the factors which limit
the speed were judged to be required and were produced. The program
developed in this study produces similar diagnostic output for runs
of the NRMM and was developed with some attention being paid to

program portability.

In the NRMM, various single-factor aspects of the terrain-
vehicle interaction which can cause a NO-GO condition or limit speed
are cvaluated (e.g., limitation due to driver tolerance or lack of
braking ability) and then multi-factor combinations of effects are
assessed. These calculations are performed (when appropriate)
traveling with and against the input topographic slope (up and down)

and (in the Areal Module) at zero topographic slope (level). When
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one of the calculations produces a NO-GO, many subsequent calculations
are skipped; otherwise, a variety of candidate speeds which reflect
the effects of some of the constraints are computed and then the
feasibility speed is obtained. If any of the up, level and down
specds is zero, the speed-made-good for the terrain unit is set to

zero, otherwise the harmonic average is the output.

RESULTS OF CURRENT STUDY

Since the factor which controls the speed may be different
when traveling with the slope, on the level and against the slope,
it was decided, for this study, to analyze these cases separately.
Another consideration in setting up this analysis was that the
mechanism for making changes to the NRMM is time-consuming, so that
all modifications required for the output analysis were restricted
to the Control and Input/Output (C&I/0) module in which local changes
are permitted by the rules governing the use of NRMM established
by the NATO Technical Management Committee. The organization of
the Areal Module of the NRMM (with its own control subprogram) allows

the changes required to be minimal and concentrated in a few subroutines

of the C&I/0O Module. These changes are fully described later. Creation
of the same type of output analysis for the Road Module is straightforward
but requires changes in the Module itself since there is no separate

control subprogram for this Module.

The output analysis is performed as follows:

1. The additions to the NRMM Control and Input/Output Module

are entered. (This, of course, is done only once.)

2. The NRMM is run for the desired vehicle and terrain with
the new control variable KDIAG set to 1 which produces

the additional output required.

— - daini o, minccniastoniseinibin e e o
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3. The output analysis/diagnosis program is run to summarize

and present the results of the analysis.

OUTPUT ANALYSIS/DIAGNOSIS PROGRAM

actions:

The output analysis/diagnosis program performs the following

1. The selected intcrmediate calculations of the Areal
Module of the NRMM for a single terrain unit are

transferred to the diagnosis subroutine.

2. For each slope condition (up, level, and down) the output
is first checked to determine whether the terrain unit
is a GO or NO-GO patch. If GO, the factor which limits
the speed is determined. Otherwise the reasons for
the NO-GO is determined. 1In either case a code is

assigned for the terrain unit and slope condition.

3. Steps 1 and 2 ar~ repeated until the data for 211 terrain
units have been read and analyzed. An output file
containing the terrain unit number, speed-made-good,
up, level and down speeds and diagnosis codes, and

terrain unit area for each terrain unit is written.

4. The area (factor area) in which each of the limiting
factors is the controlling factor is determined together
with the average speed in that portion of the total
area (for the GO factors). More precisely, the factor
area is the sum of the areas of all terrain units for
which the factor is the controlling factor. This summary

is written out. (See Appendix A - Table Al).
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5. The "sSpeed Profile" is generated for each slope condition,
i.e., the terrain units are sorted into decreasing order
of speeds and the cumulative sum of the area and average
speed are computed. The speed profile data are written
out with the limit code for each terrain unit (generated

in Step 2). (See Appendix A - Table A2)

6. The speed profiles are plotted. On the plots of maximum
speed versus percent area, different symbols are used
for each of the limiting condition codes. (See Appendix

A - Figure Al)

Steps 1 - 3 are most efficiently performed during a run of
the NRMM, by a diagnosis subroutine, whereas Steps 4 - 6 are now
performed by a separate program. The portion of this program which
effects Step 6 is somewhat non-portable as it contains calls to a
plotter routine, of necessity device and system dependent. The
remainder is standard FORTRAN and the plotting section is quite
simple. Furthermore, Step 6 only presents the data already
available from Step 5 in a different way. However, it is felt that
the presentation of this data graphically does provide a good way
to handle the data. The symbols used in the graphical presentation
on the plotter are an arbitrary set available conveniently on one
system. An even better choice would be a color coding which would
be easily implemented on a color-graphics terminal, but this presents

difficulties in obtaining hard-copy output.

The output of the analysis program consists of:

1. A list of any terrain units for which the program was

unable to determine the controlling factor.
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2. The summary which lists the fuctor arca for cach limiting

faclor.

3. The list of all terrain units in decreasing order of

speed-made-good with the controlling factor code.

4. Speed profile plots including symbols designating the

various limiting factors.

In the case of a terrain unit which is "GO" for the vehicle
and slope condition (i.e., the NRMM predicts a non-zero speed-made-
good), the analysis is based on various sets of factors which, in
combination, give rise to limiting speeds, one for each set of
factors. In NRMM, after an initial screening, candidate specds are
established and then reduced for interactions of obstacles and
vegetation with the scis of factors first addressed (soil, slope,
ride, tire damage, etc.). Since each of the candidate speeds is
an upper performance limit, the final speed prediction is the lowest
of the various limiting speeds (in the order of their computation
in the NRMM). In the output Analysis/Diagnosis Program, the diagnosis
stops when one of these candidate speeds is equaled (or exceeded
to account for rounding) and the corresponding code assigned. The
candidate gpeeds ard the limiting factors to which they correspond

are listed in Table I.

In the case of a NO-GO terrain unit, a more varied collection
of variables is checked to determine the reason for the NO-GO
prediction. Again, these are assessed in the order of their
computation and evaluation in the NRMM. As a programming convenience,
the values assigned to the limiting factor code are negative for
the NO-GO analysis. The variables used, the comparison made, and

the corresponding reasons are listed in Table II.
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TABLE I

. LIMITING FACTOR ANALYSIS AND CODE ASSIGNMENTS

SPEED CODE LIMITING FACTOR

VRIDE 1 Driver tolerance to ride over rough
terrain

VTIRE 2 Tire destruction (applics to wheeled
vehicles only)

.99*VSOIL 3 Power available versus resistance due
to soil, slope and overridden vegetation

VELV 4 Braking available relative to visibility
restrictions

VAVOID 5 Maneuvering around obstacles and overriding
small vegctation

VBO 6 Maneuvering around vegetaticn and between
obstacles

VOLA 7 Obstacle impact

VOVER 8 Obstacle and small vegetation ot :rride

VIWALK 9 Driver prudence in vegetation override

In all cases where the variable is an array dependent on vegetation
class, the value used for the comparison is that of the vegetation
class usad to compute the output speed.

A Y




R~-2183

TABLE II

NO-GO CAUSE ANALYSIS AND CODE ASSIGNMENTS

VARIABLE AND

DECISION CODE NO-GO CAUSE

TBF < O -1 Inability to brake

VSOIL < O -2 Soil and slope

NEVERO = 3 -3 Obstacle interference :

NEVERO = 1 -4 Belly hangup on obstacles

VBO < 0 -5 Vegetation too dense to be
avoided and too large to allow
override

VXT < O -6 Tractive force nceded to over-
zide obstacles not available

The value o VGOl used here is that without vegetation. The values

ot VBO and VNT are those of the vegetation class used for the cor-
responding computations in the NRMM.




The output diagnosis has been applied to runs of the NRMM

for both wheeled and tracked vehicles over several terrain files,
both artificial and real. All of the terrain units have been

' diagncsed. (The program outputs a code of £99 to designate terrain
units for which the limiting factor was not determined). The analysis
program is listed in Appendix B. The additions to the NRMM including

the diagnosis subroutine required are presented in Appendix C.

oo
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APPENDIX A

1 SAMPLE OUTPUTS OF ANALYSIS/DIAGNOSIS PROGRAM
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T D) PROGRAY PPWRMM
' c
1 C OJYTPUT ANALYSIS PROGRAM FOR NRAY ARZAL «JDULE
D c
DIMENSION V1(5€8,3),V2(528,3),A1(544,3),2.(3),
! 1 VIU(SHE) ,VIL(SU),VI10(Sa3),V20(522),VY2L(581),Y20(504),
3 2 PAU(SY), PAL(YHPY), PAD(S#2), ICODE(SFE,3),51(503,3)
DIMENSION NTGU(15,3),ATGC(15,3),VYTG0U(15,3),HTH0G0(18,3),
1 ATHOGO(10,3),AG0(3),463(3),V50(3),88360(3),AN0GD(3),
3 2 LIMIT(15),%REAS(1E)
DGYBLE PRECISICH LIMIT,NREZAS
t SQUIVALENCE (V1(1,1),Y1U(1))
S EGUIVALZNCE (V1(1,2),v1.(1))
SQUIVALENCE (V1(1,2),V10(1))
TQUIVALENCE (A1(1,1),PAUCL))
D EQUIVALENCE (A1(1,2),PAL(1))
EQUIVALENCE (A1(1,3),PAJ(1))
EQUIVALENCE (V2(1,1),V20(1))
3 EGQUIVALENCE (V2(1,2),V2L(1))
EQUIVALENCE (V2(1,3),v2D(1))
DATA (LIMIT(I),L=1,9)/4HRIDE,12HTIRE CONST,9HPOSER/RES,
D 18HVISIBILITY, bH4ANEDVER, sHAANEYVER, 105085 IMPACT,9403S FORCE,
1JHDRVRL.PRDNC/
3 DATA (MKEAS(I),I=1,0)/1¢4HN0 3RAKING,17iSOIL/SLOPE,9HOBS INTRF,
13HBELLY HANG, 1JUIVSSETATIGY, 9408S FORCE/
ATOT=¢.
3 NPATCH=2
LiN=19
LOUT=22
y 133 NPATCH=NPATCH + 1
c INPUT OF SPSEDS AND CODZS FROY DIAGNCSIS SUBROUTINE
READ (LIN,EZED=1443)NTU,LTUT,2NPHL, (VI(NPATCH,X),%X=1,3),
) Z4PHS, ZAPHG, ZMFHT , ZMDPHE, 6R2D5, AREA, (ICODE (KPATCH,K),X=1,3)
113 FORMAT(I7,F13.4,3(F14.4,14),F10.4)
N3 153 K=1,3
3 R1(SPATCH,X)=AREA
: N1(MPATCH,X)=YTU
151 CIONTINUE
» ATOT=ATOT+AREA
GUTO 19
12¢2 CONTINUE .
y ¢ IHITIALIZATICH %.,
NPATCH=NPATCE-1 o
DJ 1224 X=1,3 ?i%
> By 1912 n=1,15 a3
NTGI(L,K) =4 %5
ATG2(L,K)=2. %
2 VTou(L,K)=E. v
’ 1213 CONTINUZ %"“-
20 1015 L=1,14 3%
NTUOS (L, %)=
) AT30(L,R) = ‘%
12415 CONTINUE L
) ,‘.;-—)(:()zrf »
NNOGO(K)=d E
A37(K)=17, t
> ANGZU(Y) =0
VGo(X)=4,
1726 CINTINUE
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20 1129 ¥=1,3
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PO 1753 I=1,9PATCH

L=ICOLE(I,X)
IF(L.LT.YIGOTY 1847

IF((LeS2e) . 2R« (LeGTL15))50TN 1353

NTGO(L, ) =NT33(L,X)+1
ATS2(L A K)=ATSL,K)+a LI, K)

VIS2(L,K)=NVTCI(L,K)+VI(I, X)*AL(I,X)

NGD(K)=NGOCK) +1
AGTI(X)=ACGI(X)+A1(L,XK)
V3D(K)=VGO(X)+V1I(T,K)*AL(1,K)

GOTD 1764

IF(L.LT.~12) GOTO 1353

L=-L

NTNOGO(L,X)=NTNGGO(L ,K)+1
NNTOGO(K)=UNGGO(K)+1
ATVOGO(L, XY =ATNNGA(L,K)+41([,X)
ANOSO(K)=ANIGI(K)+AL ([,K)

COTD 1363
FRRUR TN ENCODING 2R DIHMENSIONS
SRITE(6,1352) L,NI(L,9),V1(1,X),X

FORMAT ("

ICONE=",11,° NOT RECIGNILZED"/

+ * MNTU,SPCEDR,SLOPE:®,16,F102.2,13/)

CONTINUZ

CONTINUE
SUMMARY 2UTRUT

WRITZ(6,1117)

FORMAT(///33%,880pP SLUPE,28¥,3HLLEVEL,19%,183iD04N SLUPS,/
1H+ , 22K, 304K, 22 )/
2X, 8HLT MITING,13K,3(44,5540.0F,2X,6KFACTO
THAVIERAGE) /3%, 50FACTOR,13%,3(5%,54T U°S,34,4YAREA, 4X,
SHSPXED)Y///174 GO TERRAIN UNITS/)

- N

20 1143 L=1,79

WRITE(6,113d)L,LYHIT(L), (KTSI(L,X),
FORMATOLIX, I3,10,A1082,7X,3(112,2F8.2)

CONCINUE

03 1272 L=1,15
IF(ATGI(L,X).22.2.)G6G0T2 1872
VIGI(L,X)=VTGO(L,K)/ATSO(L,K)

CONTLIHNUE
IF(ASO(X).E0.%.)530T0 1184
V3(K)=vGa(X) /ASQ(X)

HERITE(G,1150), (NG3(L)ASD(X),700(X),K=1,3)
FURHAT(/1X,SUTCTAL,10X,3(1I12,2F3.2))

WRITE(6,1167)

FORM

DJ 1136 L=1,¢€
LL=-L

SHITE(E,12TE)LL, NREAS(L), (NINCGO(L, %), ATNOCO(L,X),£=1,3)

T(//° ¥CG0 TERRALN UNITS/)

FORYAT(1IX, 13,17 ,A08,7X,3(114,FE8.2,8X))

CUNTINUE
WxITE(6,1192),(

SNUS0(XK),ARNDGO(K),X=1,3)

FORWAT(/LX,S5ETUTAL, 16X, 3C110,58.2,3%)//7)

ATSC(L,X),VTSO(L,X),K=1,3)
)
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OF SPERDS
NL1=NPATCH-1
03 134 X=1,3

ATIHE=

NTEMF=¢

VAT ERN

D3 1340 [C=1,nL1

ICP=IC+L
Ny 1322 1L=ICP,NPATCH
IF(VI(IL,<)eblaadl (IC,K))G0 TO 1324
VT=4P=V1(IL, %)
ATTAP=A1(IL,K)
”TEMP:HI(ILlﬁ)

[TZ40=1CIDECIL,K) 3

V1(IL,¥)=V1(IC,¥)
R1CIL,K)=81(1C, %)
N1(IL,%)=N1(IC, %)
1C005(IL, X)=ICI0S (IC,X)
V1(IC,<)=VTENP
AL(IC,X)=ATEUP
N1(1C,K)=NTZuP
[CADE (1C, X )=ITEMP

CONTINUE
CINTINUE 3‘;

DD 1253 %=1,3 ;é
vsuM=g. < v
ACU“=4. @{;
00 12352 I=1,MPATCH 3 B
ACIY=ACUN+AL(L,X) = A
YSUM=VSUMeVI (I, K)*AL(I,X) -9
11(I,K)=(ACUM/ATOT)*128C. ¥
TF(V1(I,X).LT.2.)30T0 1352 Q
V2(1,5)=VSUN/ACTY §
COMTINGE

WRITE(22,1350)
FORMAT(/16%,c6HUP SLGPE, 29X, SHELEVEL, 27X, 141D0dN SLUPZ,/
18+,2%,3(02%,3%Y e 230/
37,3(6%, 12:TERRATIN UNTT, 44, 1AHCUAULATIVE,3K)/
4%, 3030 NC/s4x, 30430, 27,5HLIMIT, V,AMARIA,2X,345VE,3Y,
3H?CT,4X)/3X,3(5X,SHSPESD,2X4HCUDS,5X,SHSPEED,2X,4HAREA,3X))
N3 1419 I=1,%PATCh
£ 1445 ¥=1,3
DIFF=A1(T, K
[F(1.GT.1)DIFF=DIFF-A1(I-1,K)

AA(X)=DITE*ATIT/133.

CHITLLUE

NQITE(22,1§?G)(N1(I,K),Vl(I,K),ICJDE([/K),;A(K),
1 V2(I,K),AI(I,K)/K:113)
CORAAT(3(2X,15,F6.1,1%,13,F6.2,F6.1,F6.2))
CONTINUE
T?YPea ISJJ
EJWMAT(® GRAPRIC QUTDUT DESIRED? Y 7 [HHAPRD
ACcePT 1914,16
FAREAT(AL)
IF(IS. N2 Y 7)5TUP
LWAX=A"AX1(V](1,1),V1(l,2),¥1(1,3))

§0£z0 PxOFILE FLIOTS
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Calll CSCLOAYAX, YVAX)

CALL GRAF(1,4.,3.,DPAY, VIU, KPA
1 "2ZRCENT TATAL AFZaA7,138, 74
o]

TCH, A, 1080,V ,YY4AX,10.,142.,
AXT%UM SPETD (MPH) 7,19,

2 THAR[MUYM SPFED PRJAFILE, CP7,23,1,5,7,1,3,°2LT17,0)

CALL POINTS(l,N2aTCl, V1, AL, ICODRE)

CALL GRAF(-1)

CALL SRAF( ey 3o /P U, VI, NPATCH, Aa 120,00, (48X, 1%.,10., "PERCENT

1 TOTAL ARYAT,18, "MeAN SECED (MPY) 7,16, 7AVERAGE 3PXED FROFILE®,

221,1,5,3,1,0,°°LT2°,0)

CALL JFI;{F(1,1‘-/-‘0/p:{[¢/‘-’1[.[ D (:l,u.,lj\ s "oIY‘“X 15.[1'(’.’

1 “PZPCENT TOTAL AREA®,18,° V'XI”Uf SPoiD (MPH) 7,19,

2 THAXIMUM SPEED PRCVILE, LEVELT,28,1,5,4,1,4,°PLT37,9)

\.r\uL POLNTS L[‘I -(TCI{ Vl Al,L\- W )

CALL GRAF(-1)

CALL GRAF(7. ,«., DAL, T2L,NPATCEH, e, 133, , 0., T4AX, 1).,17.,'PEQ:T'T

1T TUTAL AREAT,13, 748N SPElLy (M), 159, TAVERAGY SPEED PROSILE

221,1, 5,-,1,(,'”[T4',H)

CALL r"‘A"'(].,g.,ﬂ.,f’)\ﬂ le,hPLTC“,..,lr-.,ﬂ.,Y4hV 1%.,12.,

1 TPERCENT TOTAL AREAZ, 13, 7AAY 1MUY SPERD (MPa)”,19,

2 '”‘X[“U“ SPFED PRICILT, 326N, 27,1,5%,48,1,3,°°PLTS”

CALL POINTS(3,NPATCH, VL1, L1,120005)

CALL GEAF(-1)

CALL ”"'P(J.,)., nu,v)J,J’k Ciyidersldiepde, Yudk,18.,13., ParCENT

1 T3TAL AR=AC ,1\)[ TALAN OPERD (” )'llJI TAVERANISS SPELD pQOFI'".

221,1,5,9,1,0,°PLTA",.")
43¢ FORMAT(® PEN ",I12,793k0D, &NTe? Py )
J

5 FORMAT(D)

pEd OX NS IENRA LIJ0O ROW

Py TLITYOD 1909 ST IVd ST

Y

Y

72)

CLCM3INEL PLOTS UF UP,LEVEL & 0DW PROFILES

X~

LL G?’.,\p(lp2’.,3.,l’f\'l,VlU,"f‘RTCH,:‘.,lL).,-.,Y"(h',l‘..,lﬂ.,
TPERCENT TOTAL AREZAT,18, "MAXIYUY Sperd (MPd) 7,19,
TUAXIMUN SPEED PROFILE® ,Ll 1 1,( ./1/1// LT",I )

ALL ”UI'LS(I,.’AFLX,VllAI 1’”“)

c

1

P

C

I A}

TYPL 2233,10
ACCu?2T 201v,1P
TP2=NEWPEN(IP)
CALL SRAF(O,PAL,VIL,NPATCH,1,T)
CALL POLNTS(2,4PATCH,V1,41,IC30F)
C 17: O]

I NawPeli(d)
TYPE 2.’5«.”.’,[9

L 2418

1

c

C

C

o}

1

?

~

)rr ~q

= qv"ﬂ(lt)

L J?AF(‘ PAD,V1ID,NPATCH, 1, )

L POINTS(3,M2ATCH,V1,AL,IC2DE)
L
L

GRAT(~1)
‘;.')\F(l,ﬂo/r:.,I’r‘\U,VZU,”PAfC“,Z’-,1(‘(’.,94.IVf~1Ax’13./l’l’o[
; TPIRCENT TUTAL AQEAT,13,°MTAN SPERD (MPY)*,15,
t TAVERAGE SPEcD PROFILE®,21,1,1,03.,1,72,°PLT3°,1.)
i C Chakan U |
F IP=NZat )
‘ TYPE 2294,12
ACCEPT 2¢13,1°
[P2=N3EWP=M (1)
CALL GRAF(Y,PAL, V2L, NPATCH,1,2)
| c CaAnse PRil
! [P=uRweEs(l

ot R Ca e
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T{Pc 2201%,1I°P

ACCZ2T 221.4,19

IP2=NEWPEN(CID)

CALL SRAF(2,FAD,V22,5PATCL,1,3)
CALL GRAF(-1)

STaP

PR

SUBRIUTING CSCL(AHIX, X4AXK)

c SCALING SUSRUUTINE FAR PLOT AZES
¢ IF(AMAXGLE.Z.)30 70 249
t £AC = 1.
ALS = ALOS1J(5.)
C AL = ALOGIA(AMAX)
EXD = AINT(AL)
IF(ZXP.EQ.AL)SD T 20
< IF(AMAX.LT.1.)EXP= ZXP-1.
R = AL-E¥D
FAC = 12.
< IF(R.LE.ALS)FAC = 5.
24 X4AK = FAC * (14.**=¥XP)
c SRITE(21,122) AMAX, AL, EXP,R,FAC, XMAX
C 133 FORMAT(1X,63)
RETURN
223 XAAX = 4.
C RETURN
£:4D
SURRSUTINE POLIYT3(¥,NPATCH,V1,PA,I1CODE)
C o UsROUTINE #0X OJUIPPUT OF CODSD DATA POINTS ON SPXED PRJFILT PLOTS
DINENSICN V1(5¢0,3),PA(5%8,3),1C008(546,3)
1 DIMENSION PP(S9#),VP(520)
C 00 2243 J=1,8
NTU = 2
DO 2123 1 =1,NEATCY
C IFCICUDE(I,&)e52.d)60 TO 2149
NTY = NTY +1
YP(NTU) = VI(I,X)
C PR(NTU) = PACI,X)
2122 CONTINUE
IT(NTU.22.9)60 T3 2298
C CALL GRAF(:, PP, VP, NTU,-1,J)
2239 CUNTINYZ
c
C c NGNS
c
DO 2537 J=1,6
| ' qATU = 3
E D3 2443 1 =1,NPATCH
TF(ICONE(LI,X)eX5a=J)50 TD 2473
L & NTU = NTU +1
VP(ETU) = V1(1,4)
[ P9(NTU) = PACI, L)
1 C 24419 CINTINUS
; IF(NTU.£2.3)GT TO 2577
cALL GRAF(A,PP,VP,NTU,-1,15-J)
} . 2347 COUNTINUE
RETURN
; END
| (.
:
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APPENDIX C

CHANGES TO NRMM FOR DIAGNOSIS PROGRAM
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APPENDIX C

CHANGES TO NRMM TO IMPLEMENT DIAGNOSIS

1. Add array ICODE (with DIMENSION 3) to COMMON block DERIVE. DERIVE
appears in the main program and subroutines AREAL, ROAD,

and BUFF@.

2. Add the control variable KDIAG to the COMMON block SCEN. SCEN
is in the main program and subroutines SCN, VPP, TERTL,
AREAL, ROAD and BUFF@.

3. Add KDIAG to the NAMELIST CONTRL, lines SCN16-SCN25 of subroutine
SCN. This allows KDIAG to be read.

4. In subroutine SCN, change line SCN-55 to:
IF (DETAIL.EQ.3) GO TO 313
Add between lines SCN 65 and SCN 66 the following:
313 CONTINUE
KDIAG = 1
GO TO 330
Thesc changes permit diagnosis to be specified as output detail

level 3.

5. In subroutine AREAL, add between lines AREAL-219 and AREAL-220
the following:
IF (KDIAG.EQ.1) CALL DIAG (AREA, IDCODE, IMAX, ITUT, NEVERO,
NTU, TBF, VAVOID, VBO, VELV, VMAX, VMAaX1l, VOLA, VOVER, VRID,
VSOIL, VTIRE, VXT)

6. Change linc BUFF@ 34 of subroutine BUFF@ Lo:
ZMP1i7, ZMPH8, GRADE, AREA, ICODE.
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This addition to the binary output file written to LUN1O allows
this out:put file to be used by the analysis program.

7. The liagnosis subroutine DIAG must be included.

The listing

of this subroutinc follows.

Q
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SUSBROUTINE CIAG(AXREA,LCDE,, LN AX,ITUT, 0BV, NTY, TR,
1 VAVATID, VRO, VILY, VMAX, VMAXL,VOLA, VUVER,VRID,VSOIL,
2 VTIE,VXT,VeALK)

DITAGNOSTIC SUMROUTINE €0k NRMM AREAL MCDULE

DIMENSION [CODE(3),I¥AaX(3),Te¥(3),Vavolu(l,9),Va0(3,9),
1 VELY(3), VX1 (3), VOYSR(3,9),VIO0IL(3,9),¢XT(3,9)
IF(ITUT.GE11)COTO 1338
ASSIGHMEIT CF LIMITING FACTUR
D0 2724 K=1,3

VC = VFAXI(K)

IF(VC.EQ.T.)G0 TC 413

PATCH IS G0

IF(YC.LT.VRIE)GD TC 217
JLLE LLNIT
[CI2E(K)=1
GO TD o@3
IF(VC.NEVTIRE)IGD TU 222
TIRE CONSTRUCTIOM LiMiT
ICODF(X)=2
GO TQ 640
IF(VC.LT« (97 *VSOLL (S, IMAK(K))) IS0 TO 233
POWER V5. SOIL,SLOPE,VEGETATLON RESISTANCE
1eNpE(K)=3
GO T 524
IF(VC.LTLVEL7(X)})IGCO Ta 242
VISISLITY LIMIT
ICODE(K)=4
G0 TO 644
IF(VCLLT.VAVIID(K,THAX(K)))G0 TC 254
MANIUVER ARDUND UBSTACLES AtD VEGETATION
ICINE(K)=3
GO TO 620
IF(VC.LT. VR
MANEUVER AROUNL VEG
ICODR(K}=0b
55 TO 60
IF(YC.LT.VCLA)SO TO 272
03STACLE IMPACT LILHIT
ICI2E(K)=1
53 TO 643
IF(YC.LTVOVER(K, IMAX(X)))SOTD 283
POYWER TO OVERRLIDE J26C7TACLE
ICODF(K)=3
GITL 683
InRIVER PRUDENCE OVERRIDING VEGE
IF(VC NS TWALK)GOTO 292
[CODE(¥)=3
S0TN 664
LIMIT YuT DIAGHNCSED
ICIDE(<)=99
33 TO 6242
CONTINUE

COXN,INAX(®))IGI TH 267
STATION

TATION

PAaTCH IS 8D GO

IT(THF(K) . "LeWa)GD T 414
N3 ARAYXIRSG NGGO
[CRUR(K)==-1
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GJ TG o0
41@ IF(VSOLL(K,1).GT.2.7)30 TO 422
C SAIL & SLOPE 1»231012ATIAN

IC3DE(K)==2

50 TL 6y
423 TE(UEVERDGHEL3IED Tu 43¢
C O3STACLE INTHEAFIRLNCE

ICOLE(K)==-3

GO TO 542
432 IF(NEVERD.NE.1LIGETD 442
C BELLY HALGU? ON 939TACLES

ICODE(R)==~1

50T 622
440 [Z(VB0(K, IMRX(K))aGT.2.)50T0 452
c VEGETATING YO G)

I[C30:(X)=-5

GOTD bed !
45¢ IF((HEVERTeGT 00RO (VY T(K, 12X (X)).53T.34))50T0 4683 !
C N8STACLE OVFRIALVE FOR2CE NTGU

[COD=(K)==6
G3TA K04

c HGGO REASIN LOT DIAGMCSED
403 [COLE(¥)==-39
6J4d CONTINUZ
c WRITE(21,610) NTU,VMAX, (VEAXI(X) ,ICODE(X),<=1,3), AREN
614 FORMAT(1X,16,514.4,3(F12.4,14),F13.4)
RITURY
1622 WRITE(6,1217)
1210 FORMAT(4231 PRAD TZPRAIN UNLT DIAGNDSIS NOT AVAILAZLZ)
END
]
misp
s
a'?ludggzégumltl
mm%







